Prurigo nodularis (PN) is a pruritic condition with altered epidermal neuroanatomy as demonstrated previously. Here we elucidated neuroimmunological mechanisms by combining functional, morphological and gene expression experiments in twelve subjects with PN and eight healthy controls. Subjects with PN showed a reduced intraepidermal nerve fibre density (IENFD) in lesional skin. Quantitative sensory testing indicated maintenance of somatosensory function compared to controls. None of the tested molecular markers including the neuron-distracting SEMA3A and neuron-attracting NGF were altered in lesional vs non-lesional skin in PN subjects. Accordingly, we speculate that scratching may contribute to reduced IENFD rather than an authentic endogenous neuropathy.
| BACKGROUND
Chronic pruritus (CP) may arise from many different diseases, and its peripheral and central neuroimmunological mechanisms still remain unclear. [1] Previous data suggest an important role of both histaminedependent mechano-insensitive and histamine-independent mechano-and heat-sensitive epidermal C-fibres in the pathophysiology of CP. [2] [3] [4] However, molecular markers for CP are still ambiguous, and only scarce data exist on the role of the anatomy and function of the peripheral nervous system for the development and maintenance of pruritus. In subjects with prurigo nodularis (PN), a condition characterized by the development of hyperkeratotic itching nodules as a result of CP and prolonged scratching, we previously demonstrated a reduced intra-epidermal nerve fibre density (IENFD) in lesions, which reconstitutes after healing. [5] A reduced IENFD may hint towards a small-fibre neuropathy (SFN), which can be induced by diseases such as diabetes and results in pathologic functionality of cutaneous peripheral nerves. [6] 
| QUESTIONS ADDRESSED
We speculate that the reduced IENFD in PN is not related to a SFN causing pain in neuropathic diseases. Rather, external injury such as prolonged scratching as observed in subjects with PN may contribute to nerve destruction without showing functional signs of a SFN (eg smallfibre function-related abnormalities). As inflammation may contribute to peripheral neuronal sensitization, [7] we aimed to characterize potential molecular markers for PN in lesional and non-lesional skin. Inclusion/exclusion criteria are detailed in Table S1 . There was no difference in age between groups (P=.91). Regarding their scratching behaviour, subjects with PN confirmed scratching of itchy nodules.
| EXPERIMENTAL DESIGN

| Participants
| Histology and IENFD
Histology and the distribution of inflammatory cells were assessed by H&E staining of lesional (only subjects with PN, lower leg) biopsies.
The IENFD was determined in biopsies from lesional skin by immunostaining with antibodies against protein gene product 9.5 (PGP 9.5; rabbit polyclonal, 1:200, Zytomed, Berlin, Germany) as previously described. [8] As a normal IENFD was already shown in non-lesional skin of subjects with PN, we did not determine non-lesional IENFD.
[5]
| Expression analysis
Gene expression was analysed using biopsies from lesional and non- and non-lesional skin of subjects with PN (Appendix S1, Table S2 ).
| Quantitative sensory testing (QST)
To assess possible dysfunctions of peripheral large and small myelinated and unmyelinated nerve fibres, subjects with PN and controls underwent standardized QST performed at the left lower leg in lesional skin adjacent to the itchy nodules. The prurigo nodules were avoided in the examination. Briefly, the subjective response to graded stimuli of various modalities was assessed according to a standardized procedure [9] (Appendix S1).
Participants signed an informed consent, and the study was ap- 
| RESULTS
| Histology and IENFD
All lesional skin biopsies of subjects with PN showed typical signs of >11 fibres/mm (females), >10 fibres/mm (male); data not shown).
| Gene expression analyses
We found no differential gene expression of SEMA3A and IL-31 (P=.07 and P=.09) in lesional compared to non-lesional skin of subjects with PN (Figure 1, Fig. S1 ).
| QST
We did not find differences in QST parameters between subjects with PN and healthy controls (P>.05, Table S3 ). Although significance of P<.05 was not reached, our data suggest that mechanical pain sensitivity (MPS) may be reduced in subjects with PN compared to controls (P=.08, Figure 2 ) suggesting an Aδ-fibre malfunction.
| CONCLUSIONS
In these subjects with PN, IENFD in lesional skin was reduced, while QST profiles representative for C-fibre function were normal in lesional skin. In QST, a malfunction of cutaneous sensory C and Aδ-fibres would be reflected by pathological non-noxious and noxious temperature thresholds, which we did not observe here. We demonstrated previously in PN that healed lesions without itch and scratching showed a full reconstitution of IENFD. Accordingly, we can speculate that the disturbed epidermal neuroanatomy most likely does not result from a functional neuropathy but rather from a mechanical damage such as scratching. Future studies should correlate scratching activity with the IENFD. In agreement with this hypothesis, SEMA3A
as nerve distracting factor and NGF as nerve attracting factor [10] were not up-or down-regulated. These factors have been reported to be regulated in inflammatory diseases such as atopic dermatitis and alter the neuroanatomical structure. [5] Future studies should analyse the expression at protein level.
In the experimental testing, we found indications for decreased MPS to pinprick stimulation, which may represent a reduced function of Aδ-fibres. However, MPS was not reduced, and other parameters mediated by Aδ-fibre function were unchanged as well (eg cold A limitation of this pilot study is that it may be underpowered to show possible differences. Larger studies are needed to confirm our findings. Thus, these shall be seen as hypothesis generating.
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